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INTRODUCTION

The calculation of Oxygen Deficiency Hazard (ODH) Classifications was completed for the Magnet
Enclosure Building which encloses equipment that may release cryogen or pressurized gas to the
building internal volume®. Calculation of ODH Classifications was also completed for any other
buildings enclosing equipment that may release cryogen or pressurized gas to the building internal
volume®. This sudden release® could then expose personnel in that building to an oxygen deficient
atmosphere.

The criteria, guidelines, and methods for the calculation of ODH classifications, are defined in the
Rhic Project Document "Oxygen Deficiency Hazards (ODH)*." The classifications are quantified
from "0" to "4", for no hazard to the most severe hazard respectively, by calculating the ODH fatality
rate (per hour) as defined by:

® = X NPF, (1)
where N; = number of i-type components
P, = probability of the i-th component failure per hour

F, = fatality factor or O,%.

The value of the ODH fatality rate is used to determine the QDH classification.

Table I ODH Classes
.~ |

ODH Class Fatality Rate @ (1/hr.)
Unclassified & <16’
0 107 @ <167
1 107 ®<10°
2 10°c ®<10°
3 10°¢ ® <10t
4 ® > 10"
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DI ION
To prepare for a specific ODH calculation the following data and calculations are required:

1- The quantity of each different type of component, contained in the building volume, that could
fail and cause a spill. N; N, N, etc.

2- The probability of the i-th component failure and human error rate estimates {per hour) shown
in Reference 3 tables B-IV, B-V, B-VI, and B-VII. P, P, P, etc.

3- The building volume in f* (V), from Reference 1 and calculations of building volumes from
architectural drawings, Reference 2.

4- The fan ventilation rate in CFM (Q).

5- The spill rate in SCFM (R), from Reference 2 and/or manufacturer's data.
6- Spill time in minutes (t).
7- Atmospheric pressure in Torr (p)
8- The fatality factor (F) per hour as defined by:

F,= 106570210 2)
where

Pozﬁ cr*p/100 Partial pressure O, (mmHg) (3)
and

cr;= 0.2 ¥ I-R/Q*(1-e"C"™1*100  0,% (volumetric) during release 4
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CALCULATIONS

The building volumes requiring ODH classifications were numerous and calculations to arrive at the
most optimum ventilation rates were repetitive. In addition a parametric study, with variable fan
rates, was performed to assure the optimal nomber of fan(s) were selected for a given enclosure. For
each building volume three sets of calculations were made as follows: 1- full fans, 2- one fan off, and
3-no fan. To expedite the calculations a Mathcad program was developed (see Appendix ). The
equations from Reference 4 were utilized, in this program, to conduct the parametric study and
calculate all ODH classifications.

RESULTS

The results of the ODH calculations, for full fan operation, can be found in Appendix .
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This mathcad program calculates the ODH ¢lass when the ventilation fans are drawing from the
confined volume at a rate greater than the spill rate, it also considers the initial spill rate greater than
the ventilation rate. The methodology followed is described in the RHIC ODH standard.

D = READPRN( "v100r.pm") Reads data input file "vXOCX.pm”
v0 =D

AREACODE =D,

Area in Question= AREACODE =100

DATA
R =D, R6 =D,  (SCFM He)
DATA : R...V.Q,P1.. N1.... Rl =D, R7:=D, (SCFM He)
DATA i a
Gas Spill Rate (R) [f(t)] R2=Dy  RSEDy,  (SCPMRe)
R3:=D,  R9 =D (SCFMHe)
Confined Volume (V) V=D, (CF) R4 =D RI0 =D, (SCFM He)
’ 6 12
Fan Vent Rate (Q) Q =D, (CFM) RS =D Ril =D, (SCFM He)

7 13
Note: failure rates below obtained from the ODH .

standard. If the variety of equipment numbers less RiZ:=Dy, (SCFM He)
then 6, enter "0" for N..... DATA R13 = D1 5 (SCFM He)

Note: R - R13 above are

Equip. #1 failure rate {P1) Pl =D, (per hr.) time (t in min.) dependant spill
Quantity of Equip. #1 (N1) N1 =D, (ea.) rates as follows:
R: 0<te5
Equip. #2 failure rate (P2) P2:=D,, (per hr.) R1:  S5<t<1.0
 Quantity of Equip. #2 (N2} N2 =D, (ea.) R2  1.0<i<l53
Equip. #3 failure rate (P3) P3:=D,, (per hr.} R3: 15«20
Quantity of Equip. #3 (N3) N3:=D,, (ea.) R4: 20«t<25

Equip. #4 failure rate (P4) P4:=D,, {per hr.} RS 25«30 ETC.

Quantity of Equip. #4 (N4) N4 :=D,, (ea.)

Equip. #5 failure rate (P5) P5:=D,, (per hr.)

Quantity of Equip. #5 (N5) N5:=D,, (ea.)(FANS)

Equip. #6 failure rate {FP8) P6 =D, (per hr.) 1= O’il ~14
Quantity of Equip. #6 (N6) N6 =D, (ea) ki

Ri::R‘l Rliile-l Mii:RZ-l R6i:=R6-l R?l.Z:R?-I RSi:“—RS-]. RlZiZ:Rl2-1
R3i =R31 R4ii:R4-1 RSi::RS-l R9i::R9-1 RIOi::RIO-l RIL, =RI1t:1 R13i =R131

R, =if{t <.5,R,,if{t <1.0,R1, it <1.5 R2,,if{t £2.0,R3,,if(1.<2.5, R4, if(t. EB.O,RS.,ifft.53.5,R6.,if(t.£~'4‘0,R’?,,if’t,S4,5,R8‘,ifxt,£
i Vi 170 PP H Kl PN A it i i i &1 i &1

A ::if.ft.s.s,Rl.,if(t_~s1.o,R2,,if(t.g1,s,m,,if(t. <2.0,R4.,if(t $2.5,R5.,if(t,<3.0,R6,,if(t. <3.5,R7,, if(t <4.0,R8 ,if(t. <4.5,RY.,if/t
1 Yl 1 1 1 1 1 vl 1 1 1 3l 1 W1 1 v 1 1 i1 1 Y1

i

P11 =N1.P1 P44 :=N4.P4 P22 =N2.P2 P33 :=N3-P3 P55 =N5-P5 P66 =No6-P6
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R = f( t.<5,R 1f(t <1.0.R], lfl(t $1.5,R2, 1f(t <2.0,R3, lfl\t £2.5,R4, 1f(t <3.0,RS, lf( 43.5,R6}.,if(ti€4‘0,R71.,if{tl.*_<4.5,R8i,i{

A =if{t.<5 ,Rl,,if(t.g1.0,R2,,if(t.gl.s,Rs.,if{'t_ £2‘0,R4,,if(t. <25 ,RS,,if(t.§3,0,R6. ,if(t.ss.s,m. ,if(t. <4.0,R8,,if(t.<4.5,R9,,
1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1

P11 :=N1.P1 P44 :=N4.P4 P22 =N2-P2 P33 :-N3.P3 P35 =N5.P5 P66 =N6-P6

R+ A spill rate averaged over the incremented time period
1

aq. A- calculate O2 % by val.
during the spill period when the spill
i 1 rate is greater than the ventilation
B i ) | rate. Note spill rate averaged within
J time increments, Note in this case
this equation is used.

eq. B- calculate 02 % by vol.
during the spill period when the spilt
1 rate is less than the ventilation rate.
! Note spill rate averaged within time
20 increments. Note in this case this
: equation is used.

R.-'—Al

crbi =211 -

Y eq. C- calcutate 02 % by vol.
_ . . Ry after the spill period. Note crb48 is
ore, =21 - (21 - crb, )-e the Q2 concentration at the baginning
of the non-spill period. Note in this
case this equation is not used.

Cr, = if( t.<1 ,crai,crbi} egs. defines the use of eq A,
B, or C. Note in this case all
Cr, = iff t}...?],O,crbi,crbi) calculations use equation
k! b IIBII

760
PO2, =Cr,- o0 BP 02

PO2.

65— ‘)
G =10’ 19

—itG.21 1.if(G<1-107.0.0.i6(G>1107.G.1))

F,=if{G21,1.if{G<1-107,00,if(G>1107.G,.1 ) Eq. at left calculates fatality factor
_ and sets limits between 0 and 1.

§. =P11F,« P22 F, + P33 .F, + PA4F, + PSS F, + P66 F, Nostod " statoment
P. (P11 + P22 + P33 + P44 + PSS + P66)-1
P =P.1-1¢° F, =F1-10

i i ) i
ODH, =if(p,1-107,0,if{9, =110°%, 1,9, <110 2,if{p.<1-10°,3,4) ) )

ODH fatality Rate.

The eq. above calculates the ODH class. Nested “if” staterent. $. =411 o
i
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TESTDTAZ2.med

Fatality
02 PP Factor
(%) (mmHg) Fi(10E-7)
c_ POz K
21] [1506] | 0 |fo]
17.6] [133.5  [1.422|[1 |
168 [128,  [5.007|[2 |
181 13750 [ 0 |3
193] (1468 o |4
19.7] [1495 o 15
202| (1539 0 il6 |
207| {157 o 1|7
206 [156.7 o |[s]
206| [1565 0o o]
206| (1563 0 |[10]
205 1se1] [ o |1t
205 1559 0 ;[12]
205 [155.8 0 13
205 (1557 o |[14]

ODH

Event Fatality
Rate Rate
Pi (10E-6)  phi (10E-7)
{per hr.) (perhr.)
P, b,
7919.15 0
7919.15 0.011
7919.15 0.04
7919.15 0|
7919.15 0
7919.15: 0
7919.15! 0
7919.15) 0|
7919.15 IR
7919.15! o |
791915 Lo |
7919.15 0|
7919.15 0
7919.15 0
7919.15 © 0

3

Class

o

EIE IR ESEEIEEEIEIEIE

DH.
i




Spilt rate (CFM) vs.
Time {min.}

ODHCILASS = if({)DH,‘Z,{ODH1 ) ODH1 ,if,r:ODH}<0DHZ, ODHZ, ifLODH4<ODH3, ODH3 ,if(ODH5<ODH4 , ODH4, ifLODH6<0DH5 N
The equation above selects the highest ODH class.

For. AREBACODE =100 .the ODHCLASS =0

O = ODHCLASS

APPENDY “output.dat") :=0O Writes output to file "output.dat"

TESTDTA2. mcd 4




OXYGEN DEFICIENCY HAZARD CLASS FOR RHIC BUILDINGS DURING
NORMAL OPERATIONS

odh.tck 8/94

10605H Compressor Bldg. 0
1005R Cryogenic Bldg. 1
1001 RME-1:00 0
1003 RME-3:00 0
1005 RME-5:00 0
1007 RME-7:00 0
1009 RME-9:00 0
1011 RME-11:00 0
1002B 2:00 Service Bldg 0
10048 4:00 Service Bldg ¢
1006B 6:00 Service Bldg 0
1008B 8:00 Service Bldg 0
1010A 10:00 Service Bldg 0
1012A 12:00 Service Bldg 0
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Enclosure (6)

RHIC 11 O'Clock Tunnel Oxygen Deficiency Hazard Classification
for 50K Operating Temperature

This mathcad program calculates the ODH class when the ventilation fans are drawing from the
confined volume at a rate less than the spill rate, and upon completion of the spill. The
methodology followed is described in the RHIC ODH standard. This particuiar file calculates the
ODH classification for fan failure (or shut down) and a 50K operating temperature.

ENTER AREA CODE
AREACODE =1100 Code
ENTER DATA :R...V,Q,P1...N1....

Area in Question=

DATA DATA
Gas Spill Rate (R) [ft3/min] R :=126000 RI4:=2000 (SCFM He)
R1:=87000 RI15:=2000 {(SCFM He)
Confined Volume (V) Vv :=100000 (CF) R2:=48000 RI16:=2000 (SCFM He)
_ R3:=28000 RI17:=22000 (SCFM He)
Fan Vent Rate (Q) Q=1 (CFM) R4:-18000 RI8=2000  (SCFM He)
Note: failure rates below obtained from the ODH R5:=7800 R19:=2000 {(SCFM He)
standard. If the variety of equipment numbers less R6 = 6000 R20 := 2000 (SCFM He)
then 6, enter "0" for N..... DATA R7 :=4000 R21 :=2000 (SCFM He)
R8 :=2000 R22 :=2000 (SCFM He)
density_4K = .144-%‘% density_SOK '=.142-10° ‘-_2:1‘% R a0 o o ggm :3
R11:=2000 R25:=2000 {(SCFM He)
Scale 50K = density SOK R12:22000 R26:=2000 (SCFM He)
- ' density 4K R13:=2000 R27:=2000 (SCFM He)

Note: R - R28 above are

Equip. #1 failure rate (P1)  P1:=3.10° (perhr) N .
Quantly of Equip, #1 (N1) NI =888  (ea) lime (tinnin) dependant spill
Equip. #2 failure rate (P2) P2:=1.10° {per hr)) R: 0<t<s

Quantity of Equip. #2 (N2) N2 =180 {ea.) R1:  5<t<1.0

Equip. #3 failure rate (P3)  P3:=3.10°  (per hr) R2:  1.0<t<lS
Quantity of Equip. #3 (N3) N3 =00 {ea) ) e

Equip. #4 failure rate (P4)  P4:=5.10°  (per hr) R3:  15<ts20
Quantity of Equip. #4 (N4) N4 =3 (ea.) R4: 20<t<25

Equip. #5 failure rate (P5)  P5:=2.5-10° (per hr) RS: 25<t<3.0 ETC.
Quantity of Equip. #5 (N5)  N5:=3 (ea.}(FANS)

Equip. #6 failure rate (P6) P6:=5.102 {per hr} ' ::O’il - 30

Quantity of Equip. #6 (NG) N6 =1 {ea.) t, ::5

4/26/99

Ri :=R-Scale_50K Rli '=R1-Scale 50K R2, :=R2-Scale 50K Rﬁi '=R6-Scale_S0K R7, = R7-Scale_50K RSi :=R8-Scale_50K

R12, :=R12-Scale_50K R3, :=R3-Scale 50K R4, = R4-Scale 50K

RS, :=R5-Scale_50K RS9, :=R9-Scale_SOK

RIO, :=R10-Scale_ 50K R1l, '=R11-8cale_50K RI13, = RI3-Scale 50K  RI4, := R14-Scale_50K R15, :=R15-Scale_30K
Rl6i :=R16-Scale 50K R17, :=R17-3cale_ 50K RI8 = RI8-Scale 50K  RI9, := R19-Scale_50K R20, :=R20-Scale_50K
R21. =R21-Scale_ 50K R22, '=R22-Scale 50K  R23, '=R23-Scale 50K R24, :=R24-Scale_50K R25, :=R25-Scale_50K

R26 :=R26-Scale_ 50K R27, :=R27-Scale_50K
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. R ::if(tié.s,Ri,if(tiSI.0,Rli,if(tiél.S,RZi,if(tisz.O,R:!i, if(ti22.5,R4i,if(ti£3.0,R5i,if(ti£3.5,R6i,if(tiﬁ4.0,RTi,if(tis4.5,R8i,if(

A ::if(tiS.S,Rli,if(tisl.O,RZi, if(tiﬁl.S,R3i,if(ti£2.0,R4i,if(ti£2.5,R5i,if(ti$3.0,R6i,if(tis3.5,R7i,if(ti£4.0,R8i,if(ti54.S,R9i,i

PI1 =N1-P1 P44 :=N4-P4 P22:=N2.P2 P33 :=N3.P3 P55 :=N5P5 P66 :=N6-P6

R.+ A spill rate averaged over the incremented time period
T i
pi T 2
oq. A- calculate O2 % by vol.
. during the spill period when the spiil
-pyt rate is greater than the ventilation
era =214 ¥ rate. Note spill rate averaged within
! time increments.
eq. B- calculate 02 % by vol.
during the spill period when the spill
t rate is less than the ventilation rate.
R +A -\Ro Note spill rate averaged within time
' 1 1
orb, =21+ 1 - 1-¢ increments. Note in this case this
equation is not used.
4 eq. C- calculate O2 % by vol.
— -y after the spili period. Note crb48 is

cro, =21~ (21~ orb,g) e the O2 concentration at the

beginning of the non-spill period.
Note in this case this equation is

not used.
Cr, ::if(tiEO,crai,crai) eqs. defines the use of eq A,
B, or C. Note in this case all
Cr. = if(tiZI l.S,crai,crai) calculations use equation
1 I.All
. 760
POZ, : Cr -@ PP 02
o
G =100
=19 I <]- -7 i . -7
F: 'f(GiZl’ ]"f(c'i‘l 10 ’O'O’Lr(Gi>1 10 ’Gi’l))) Eq. at left calcuiates fatality factor
imits betw 1.
. '=PI1F, + P22.F, + P33,  P44F, + PSSF,+ P66, and sets limits between 0 and 5
_ _ ' 3510
P,:=(P11+ P22+ P33+ PM+PS5+P66)I1 oo poraies Rate, oy
P, =P 110° F, =F;1107 2
3710
ODH Lr(a, <1167,0 Jif{4,;<1110°, f(q. <110°,2,if{4,1-10°1,3,4}})) o
2610
_ 18107
The eq. above calculates the ODH class. Nested "if” statement. b4l o 11107
7310




Enclosure (6)

Spill Fatality
Rate T 02 PP Factor
(SCFM) (min} (%) (mmHg) Fi(10E-7)
R, t Cr, PO, Food
12425| |0 21| [1596 0 0
12425 (051 [199] [1514 o] 11|
85792 |1 | 119.6| [1493 o] 2]
a7333| [15] 99| [1509] o] 3]
2761.1| |2 | [20.1] [1525 o 4]
1775 | 25 ] 203 [1546 ol 5|
7692| [3 | [206] [1564 ol 16 |
591.7| [3.5 | [206] [156.9 o |7
3944| |4 | [208] [1577 o 8]
1972| [45 | [208] [1582 ol 9]
1972 |5 | [208] [158 ol |19
19721 [55 | [208| [157.9 ol |11
19721 [6 | [208] (1577 ol  [12]
19721 65| [207] [1576 ol  [13]
1972] |7 | 2071 1574 o} |14
19721 [757] [207] (1573 ol  [15]
19721 |8 | [207] [157.1 ol [16]
1972] [&5 | [207] {1569 ol  [17]
1972 [9 | 206] [1568 o| |18
1972 [95 | [206] (1566 o| |19
1972] [10 1 206] [1565 o| [20]
197.2] 105 [206] [1563 o| |21
1972] {11} 205 [1562 o| |22
1972 {115/ [205 156 o| [23]
1972 [12] [205] [1559 o| [24]
1972 [12.5] [205] [155.7 o| |25
1972 13| [205] [1556 o| |26
1972 [135| [204| [1554 o| |27
1972 |14 [204] [1553 o| |28
1972 [1a5]| [204] [155.1] lo| 129
1972 |15 | [204] [1549] lo| [30]
1972 [155| [204| [1548 o| 31
197.2] | 16| [20.3] [154.6 o| 132
197.2| [165] [20.3] [154.5 o| 33
1972 [ 17| [203] [1543 o| [34
1972 [17.5| [203] [1542 ol  [35]
1972] [18] [203 154 o]  [36]
1972 185 [202] [153.9 o] |37
1972 {19 [202] [1537] [o] P38
1972] [195| [202] [1536] o] [39)
1972 [20] [202] [1534 o] |40
1972 [205| [202] [1533 ol a1
1972 {21] oa] [1531] |o] |a2
1972] [21.5] [201 153 o] 43
1972 |22 oa] [1528] [o] [44
1972 225 201 1527 0 45

Event
Rate

Pi (10E-6)
{per hr.)

P.

52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52819.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
52919.15
5291915

ODH

Fatality

Rate

phi (10E-7) ODH

{per hr.) Class
ODIL

Page 3
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6.5-10""

53.101°

4810

5.10°19

52.10°10

53.10°1°

55.10°1°

57.10°1°

59.10°1°

62107

6.4.10°1°

66-10'1°

6910

711061

741071

76101

7.9.10'10

821071

85.10'%

8.8.10°%¢

9110

94.10'1

98101

1.10°7

1.10°°

1.1-106°°

1.1-107°

12.10°

12107

12107

13.10°°

1.3.107

14-10°°

14107

1.5.10°°

1.5.10°7°

1.6-107°

17107

17.10°°

18.10°°

18.107°

1910”7

2.10°

4/26/99



Fnelosure (6)

197.2| [22.5] |20.1 152.7
197.2 231 1201 152.5
197.2| 123.5; | 20 152.4
197.2 24 20 152.2
197.2| [24.5| | 20 152.1

== IS

4/26/99

| 2.10°° |

2%

45| {52919.15] |0 0
46| 5291915 (0] 0]
52919.15|  {0] 0]
48] [52919.15] 0] 0]
49| [52919.15 0] o]
Spill rate (CFM) vs.
Time {min.)
1510t ] , :
1°104 —
5000 - —
0 | ] | H
0 5 10 15 20
t.
1
02 (%) vs. Time
(min.)

21

205 1

19.3

ODHCLASS = if(ODHf ODH,,ODH;, if(ODH3 <ODH,, ODH,, if(ODH < ODH,, ODH,, if(ODH5 <ODH,, ODH,, if(ODH6< ODH,,
The equation above selects the highest ODH class.

For:

ARFACODE = 1100 the ODHCLASS =0




crb.
L

19.9

Elosure (6)

ti ora,

0 21
05| [i9.9
1 196
15| [199
2 20.1
25| |[203
3 206
35| [206
4 208
45| |08
5 208
55| l208
6 208
65| [207
7 207
75| [207
8 20.7
85| [207
9 206
95 | {206
10| [206
105 [206
11] [205
115 [205
12| J205
25 (205
13 [205
135 204
. 114 [204
|1a5] [20.4
151 [204

19.6

19.8

20

203

206

206

208

208

20.8

20.8

208

20.7

20.7

207

20.7

206

206

20.6

20.6

20.6

20.5

20.5

205

20.5

205

204

204

204

204
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